The chronic stress of caregiving has been associated with increased risk for cognitive decline and dementia. One theoretical model suggests that a group of risk factors known as the metabolic syndrome MET_SYN (e.g. hypertension, poor glucose regulation, central obesity, and high triglyceride levels) that have demonstrated associations with both stress and cognitive decline, may mediate the association between caregiver stress and cognitive decline. It is also possible that caregiving may moderate the association between MET_SYN and cognitive decline. The present study examined these two potential models. The study sample consisted of 53 caregivers for a relative with dementia and 24 participants who did not have caregiving responsibilities at baseline. We examined associations among caregiving history (yes/no), self-reported decline in cognitive function (the AD8) at follow-up, and a MET_SYN factor comprised of increased systolic blood pressure (SBP), glycosylated hemoglobin concentration (HbA1c), waist circumference, and triglyceride levels at baseline when caregiving was assessed. MET_SYN was associated with AD8 (p = 0.010). Caregiving history was not directly associated with AD8 ratings, however, caregiving did moderate the association between MET_SYN and AD8 (p = 0.043) assessed 8 years later. In caregivers MET_SYN scores reflecting higher risk were associated with scores on the AD8 indicting decline, whereas, in controls MET_SYN was unrelated to AD8 assessment. Thus, it can be concluded that caregiver stress may increase the association between metabolic risk factors and decline in cognitive functioning up to 8 years later.
Introduction
The chronic stress associated with caregiving for a loved one with dementia has been shown to increase rates of cognitive decline e.g. [1] [2] [3] , and risk of incident risk in the caregiver [4] . Caregiving stress also has an adverse effect on cardiovascular risk factors that characterize the metabolic syndrome (MET_SYN) (e.g. poor glucose blood pressure regulation, central obesity, and hypertension) [5, 6] . Because the MET_SYN has been linked to increased rates of cognitive decline [7] [8] [9] , it has recently been hypothesized that the impact of caregiving on cognitive decline is mediated via its association with the MET_SYN [10] .
Within the large body of literature that has focused on the role that chronic stress plays with regard to illness, it is known that certain stressors may trigger disease processes in some individuals, and those same stressors may not create distress in others [11] . For example, emotional stress to an anger induction has been shown to heighten cortisol response in genetically vulnerable individuals, while cortisol response remained unaffected by this stressor in other individuals [12] . In related work demonstrating how stress may moderate the relations among psychosocial factors and disease, caregiving was associated with poor glucose regulation, with effects dependent on neighborhood characteristics [13] . Specifically, neighborhood stress was related to poorer glucose regulation, but only among caregivers and not among controls. Such findings highlight the need to consider the possibility that stressors may serve as moderators, and thus it is critical to consider both mediation and moderation models when examining the relations among stress, risk factors, and disease processes.
Based on the foregoing, the current study was undertaken to test two hypotheses: A. The impact of caregiving on an indicator of cognitive decline will be mediated by increased expression of the MET_SYN (i.e., higher resting systolic blood pressure (SBP), glycosylated hemoglobin concentration (HbA1c), waist circumference, and triglyceride levels); and B. The impact of MET_SYN on cognitive decline will be enhanced (moderated) by caregiving stress.
Psychosocial, behavioral, and metabolic risk factors were assessed in a sample of 175 caregivers and 169 controls in a study completed between 2001 and 2004. A follow-up study conducted between 2010 and 2011 reenrolled 80 of these participants (53 caregivers and 27 age/race matched non-caregiver controls). The follow-up study was designed to assess the relations among caregiving, metabolic risk factors, and mild decline in cognitive functions. These 80 participants completed a selfreport measure of cognitive functioning, the AD8. This measure has been shown to differentiate non-demented from demented individuals, and to distinguish mildly impaired individuals from those who are more demented [14] . In the present study MET_SYN was assessed at baseline and approximately 8 years later perceived cognitive decline (AD8) was assessed. This length of followup ensured an extended period of caregiving prior to the assessment of cognition. To examine our proposed mediation and moderation models, we conducted analyses that examined the direct relations among caregiving (yes/ no), a metabolic risk factor MET_SYN (comprised of resting SBP, HbA1c, waist circumference, and triglyceride levels), and AD8 scores. In addition, we examined caregiving as a potential moderator of relations among MET_SYN and AD8.
Methodology

Sampling Procedures
Baseline Study: Participants were recruited to be part of a study designed to examine the underlying biological and behavioral mechanisms whereby stressful social and physical environments lead to health disparities. Caregivers were recruited using flyers, ads in the local media, and community outreach efforts. Non-caregiver controls were recruited by asking caregivers to nominate two to five friends who live in their neighborhood and are similar with respect to demographic factors (i.e., gender, age, and race). Baseline data were collected in two venues-a questionnaire battery was given to participants during a home visit by a nurse and returned upon their visit to the General Clinical Research Center (GCRC) at Duke University Medical Center. During the clinic visit, participants received a general physical examination at which time blood pressure was taken, waist circumference was assessed, and blood was drawn for assessment of glucose and lipid metabolism. The baseline sample consisted of 344 participants, 175 caregivers and 169 non-caregiver controls, matched on age, race, and socioeconomic status.
Follow-up Study: The follow-up study, funded by the Joseph and Kathleen Bryan Alzheimer's Disease Research Center at Duke University Medical Center, was designed to collect data on 80 participants from the baseline study who had given permission to be contacted at a later date for possible follow-up studies. The follow-up study gathered information on cognitive function, current caregiving responsibilities, and self-report of current health status. The present sample consisted of 54 caregivers and 23 non-caregivers (3 control participants were excluded due to the fact that they were now serving as a primary caregiver). In the approximate 8 years between baseline and follow-up, a majority of caregivers experienced the death of their care recipient, however, all of the caregiver participants had experienced the stress of being the primary caregiver for a relative with dementia for a number of years and 70% had been a non-caregiver for a period of less than 5 years. Both the baseline and the follow-up studies were approved by the Duke University Medical Center Institutional Review Board.
Measures
Demographic Measures
Age was represented in years. Race was self-identified and all individuals were either African American or Caucasian.
Clinical Measures
Glycosylated hemoglobin concentration (HbA1c%) was assayed in all participants. HbA1c is the standard surrogate marker for measurement of average plasma glucose over the past three months [15] . HbA1c has been related to stress in patients with diabetes [16] [17] [18] , to cardiovascular mortality and morbidity [19] , and to the outcome of stroke [20] . HbA1c was determined at the Franklin Site Laboratory (Duke University Medical Center) by ion based high performance liquid chromatography, using a Tosoh (version G7) analyzer.
Triglycerides. Serum triglyceride levels (mg/dL) were assayed by the CDC-approved laboratory facility at Lab Corp in Burlington, NC.
Waist Circumference and Blood Pressure. Waist circumference and resting blood pressure and were measured during the physical examination administered by the research study nurse. Waist circumference (cm) was measured by a nurse to the nearest 0.5 cm with the subjects standing, using a nonexpendable linen tape measure, according to the American Heart Association recommendations.
Cognitive Function
The AD8 dementia screening interview was used to assess decline in cognitive function [14, 21] . The AD8 can be used as an informant interview, or as a self-rating tool to detect dementia [14, 21] . Briefly, individuals are asked whether or not there has been a change in the last several years caused by cognitive (thinking and memory) problems. Individuals respond to 8 probes in the following categories: 1) problems with judgment; 2) less interest in hobbies/activities; 3) repeating the same things over and over; 4) trouble learning how to use a tool, appliance, or gadget; 5) forgetting correct month or year; 6) trouble handling complicated financial affairs; 7) trouble remembering appointments; 8) daily problems with thinking and/or memory. Items rated as "yes, a change", or "no, no change", and the sum of "yes" items reflects the total score. Thus, higher score is indicative of a decline in cognitive function over the past several years, and a score of 0 would reflect no change over the interval.
Statistical Analyses
Initially, a principal components factor analysis was conducted to derive a factor score that would represent MET_SYN in later analyses. Table 1 presents the factor loadings for each of the measures in the factor (SBP, HbA1c, waist circumference, and triglyceride levels). A higher MET_SYN score indicates higher levels for each risk factor.
Regression analyses were used to examine caregiving and MET_SYN as predictors of AD8 ratings, as well as to test MET_SYN as a potential mediator of observed relations between caregiving and AD8. To examine moderation by caregiving, a regression model was conducted that contained a term representing group (caregiver status yes/no), the factor score representing MET_ SYN, and the interaction term group x MET_SYN as predictors of AD8 scores. Analyses included age, race, and gender as adjustment covariates. SAS V8 statistical software (SAS Institute: Cary, NC) was used to conduct all analyses. Data were examined for potential outliers and values that were 3 SD or more above the mean for any given measure were recoded to a 
Results
The present sample of 77 participants was 79.2% female; 53.3% Caucasian, and had a mean age of 62.4 (SD 10.5). The means (SD) for the measures comprising the MET_SYN factor were: SBP = 136.6 (22.0); HbA1c = 5.8 (1.1); waist circumference cm 95.5 (17.4); and triglycerides 117.3 (68.5). AD8 ratings had a mean of 1.2 (SD 1.5, range 0 -6). MET_SYM was significantly related to AD8 scores (p = 0.010), whereas caregiving was not significantly related to AD8 scores (p = 0.618). Therefore, mediation analyses were not conducted due to the nonsignificant relation between caregiving and AD8 scores.
The caregiving group x MET_SYN interaction was a significant predictor of AD8 (p = 0.043). Within group follow-up correlation analyses were used to examine the direction and the strength of observed relations between the AD8 and the MET_SYN factor, in caregiver and control groups. In caregivers higher MET_SYN scores were strongly associated (r = 0.46, p = 0.001) with scores on the AD8 indicting decline, whereas, in controls MET_SYN was not significantly unrelated (r = 0.11, p = 0.66) to AD8 assessment. Figure 1 presents the relation between MET_SYN and AD8 by group.
Discussion
Existing theories suggest that caregiving may be associated with decline in cognitive function and dementia risk, with potential mediation by metabolic risk factors, or alternatively, that caregiving may moderate associations between metabolic factors and cognitive decline. While not supporting the mediation hypothesis the present findings do support a moderation hypothesis, indicating that in caregivers, but not controls, individuals with higher systolic blood pressure, poorer glucose regulation, central obesity, and increased lipid levels tended to have increased scores on a measure of cognitive decline. Therefore, as illustrated in the present study, models that include potential moderation should be used to provide a comprehensive picture of risk for disease.
The current findings support prior research that indicates metabolic regulation is related to cognitive decline e.g. [7, 8] . Moreover, results from the present study indicate that the effect of poor metabolic regulation on cognitive decline is enhanced by the presence of a chronic stressor such as that of caregiving. A similar enhancement of the impact of CVD risk factors on CHD incidence has been shown for Type A behavior. Among men aged 50 -59 in the Western Collaborative Group Study, the CHD rate in Type A men in the highest Framingham Study risk decile was 400/1000 compared to 270/1000 among Type B men in the highest risk decile [22] .
The present results do not support a model that indicates metabolic factors mediate the relation between caregiving and decline in cognitive function, indeed, in the current data caregiving was not directly associated with decline. Our data conflicts with certain studies that have shown worsened cognition in caregivers, see [10] . One potential difference in our sample and a majority of the prior studies that have linked cognitive decline with the role of caregiving is that of the relation between the caregiver and the care recipient. A good deal of prior research has only included caregivers who are spouses of individuals with dementia, whereas, our study included both spouses and children of individuals with dementia. In the current study approximately half of the caregivers were children of the care recipient. This may be relevant as one of the mechanisms proposed to link decline with spousal caregiving is the potential for social isolation of the spousal caregiver-a factor that may be less prevalent in non-spouse caregivers. Furthermore, it has also been suggested that caregivers may have increased risk of cognitive decline than non-caregivers due to assortative mating [23] , which would of course not be applicable to studies that include non-spouse caregivers.
There are plausible mechanisms that may account for the present findings. In the current study caregiving was not associated with cognitive decline as a main effect; however, in the presence of poor metabolic regulation caregiving was related to the increased ratings of decline. Thus, caregivers with a less healthy metabolic profile may have accelerated brain aging with consequent more rapid cognitive decline. Alternatively, metabolic traits vary according to forces-e.g. genetic, dietary-that do not necessarily involve caregiving. We have shown that caregivers with rs439401 TT alleles have metabolic trait levels reflecting poorer health [24, 25] . Furthermore, rs439401 has been associated with Alzheimer's Disease [26] . We can speculate that caregivers with TT and/or G genotypes had elevated metabolic traits, which then contributed to their cognitive decline.
There are limitations that should be noted when interpreting the present results. The participants in this study were recruited by various means and therefore may not be a representative sample. The present sample size was small, raising the possibility that our findings may not be stable across new samples. Additionally, given the crosssectional nature of the study, we relied on self-report of cognitive decline as opposed to detailed longitudinal neuropsychological observations. It is possible with a longitudinal observation over a period of years and with more detailed objective measures of cognitive function, cognitive deficits would be detected that may not surface in self appraisals of function.
As in any observational study, it is possible that other unmeasured factors may have influenced this relationship. Potential mechanisms have been proposed that may underlie associations between stressful circumstances and health outcomes. For example, poor health habits have been shown among caregivers [27] . In the present sample, the number of current smokers was small and assessment of other health habits, such as exercise and alcohol consumption, was limited, thus we were unable to adequately test additional mediational models concerning these health habits.
The fact that caregiving is associated with physical and mental suffering, as well as early mortality, has been well documented over the past two decades [28] [29] [30] [31] . The present results indicate that caregiver stress may increase the association between metabolic risk factors and decline in cognitive functioning up to 8 years later.
The American Alzheimer's Association (http://www.alz.org/alzheimersdiseasefacts_and_figures.asp) reports that nearly 15 million individuals currently provide caregiving for patients with Alzheimer's disease or dementia, that 61% report high or very high rates of emotional stress of caregiving, and that 43% report high to very high rates of physical stress of caregiving. Thus, the impact of caregiving via increased levels of MET_SYN and cognitive decline are of considerable public health significance. Training caregivers in stress coping skills has the potential to reduce levels of MET_SYN components like blood pressure [32] . Such interventions aimed at reducing metabolic risk factors in caregiver populations may not only provide important dividends by reducing their likelihood of cardiovascular diseases, but it may also reduce risk for later dementias [33] . 
Acknowledgements
